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Abstract
We study the flux parameter spaces for semi-realistic supersymmetric Pati-Salam models in
the AdS vacua on Type IIA orientifold and realistic supersymmetric Pati-Salam models in the
Minkowski vacua on Type IIB orientifold. Because the fluxes can be very large, we show explicitly
that there indeed exists a huge number of semi-realistic Type IIA and realistic Type IIB flux
models. In the Type IIA flux models, in the very large flux limit, the theory can become weakly
coupled and the AdS vacua can approach to the Minkowski vacua. In a series of realistic Type
IIB flux models, at the string scale, the gauge symmetry can be broken down to the Standard
Model (SM) gauge symmetry, the gauge coupling unification can be achieved naturally, all the
extra chiral exotic particles can be decoupled, and the observed SM fermion masses and mixings
can be obtained as well. In particular, the real parts of the dilaton, Ka¨hler moduli, and the unified
gauge coupling are independent of the very large fluxes. The very large fluxes only affect the real
and/or imaginary parts of the complex structure moduli, and/or the imaginary parts of the dilaton
and Ka¨hler moduli. However, these semi-realistic Type IIA and realistic Type IIB flux models can
not be populated in the string landscape.
PACS numbers: 11.10.Kk, 11.25.Mj, 11.25.-w, 12.60.Jv
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I. INTRODUCTION
One of the most challenging problems in string theory is the construction of realistic
string vacua, which can give us the low-energy supersymmetric Standard Model (SM) and
stabilize the moduli fields. Such constructions will give us a bridge between string theory
and low-energy realistic particle physics. With M-theory, we can probe the physical string
vacua not only in perturbative heterotic string theory, but also in perturbative Type I,
Type IIA and Type IIB superstring theory. Especially, because of the advent of D-branes,
we can construct consistent four-dimensional N = 1 supersymmetric chiral models with
non-Abelian gauge symmetry on Type II orientifolds, by employing conformal field theory
techniques in the open string sector [1].
During the last few years, Type II orientifolds with intersecting D-branes have been
highly interesting in the string model building where the chiral fermions come from the
intersections of the D-branes in the internal space [2] with T-dual decription in terms of
magnetized D-branes [3]. On Type IIA orientifolds with intersecting D6-branes, a large
number of non-supersymmetric three-family Standard-like models and Grand Unified Theo-
ries (GUTs), which satisfy the Ramond-Ramond (RR) tadpole cancellation conditions, were
constructed [4, 5, 6, 7]. However, there generically exist the uncancelled Neveu-Schwarz-
Neveu-Schwarz (NSNS) tadpoles and the gauge hierarchy problem. To solve these problems,
the semi-realistic supersymmetric standard-like models and GUTs have been constructed in
Type IIA theory on T 6/(Z2 × Z2) orientifold [8, 9, 10, 11, 12, 13, 14, 15] and other ori-
entifolds [16]. In particular, only the Pati-Salam models can give us all the SM fermion
Yukawa couplings at the stringy tree level, and we can explain the SM fermion masses and
mixings in one model [17, 18].
Although some of the complex structure moduli (in Type IIA picture) and the dilaton
field might be stabilized due to the gaugino condensation in the hidden sector in some mod-
els (for example, see Ref. [19]), the moduli stabilization is still a big challenge. Recently,
important progresses have been made by introducing background fluxes. In Type IIB the-
ory, the RR fluxes and NSNS fluxes generate a superpotential [20] that depends on the
dilaton and complex structure moduli, and then stabilize these fields dynamically [21, 22].
With non-perturbative effects, one can further determine the Ka¨hler moduli [23]. For such
kind of model building, the RR and NSNS fluxes contribute to large positive D3-brane
charges due to the Dirac quantization [24, 25]. Thus, they modify the global RR tad-
pole cancellation conditions significantly and impose strong constraints on the consistent
model building [26, 27, 28, 29, 30]. In addition, turning on the RR, NSNS, metric, and
non-geometric fluxes [31, 32, 33], we can stabilize close string moduli in supersymmetric
Minkowski vacua [34]. In particular, these fluxes can contribute negative D-brane charges
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to the RR tadpole cancellation conditions, and then we can relax the RR tadpole cancellation
conditions elegantly [34]. In Type IIA theory with RR, NSNS, and metric fluxes [35, 36, 37],
we can stabilize the moduli in supersymmetric AdS vacua as well as relax the RR tadpole
cancellation conditions [37, 38]. Interestingly, by relaxing the RR tadpole cancellation con-
ditions, we can construct semi-realistic Type IIA [38, 39] and realistic IIB [34] Pati-Salam
flux models that can explain the SM fermion masses and mixings.
One of the most interesting consequences from Type II flux compactifications is that there
may exist a large number of meta-stable vacua [40, 41]. The ensemble of these vacua is called
string landscape [40]. With the “weak anthropic principle” [42], this proposal may provide
the first concrete explanation of the very tiny value of the cosmological constant which can
take only the discrete values. Because the fluxes can contribute negative D-brane charges
to the RR tadpole cancellation conditions in Type IIA and IIB theories with general flux
compactifications [34, 37, 38], we can easily construct many (or even infinite) Type IIA and
IIB flux vacua by increasing the corresponding fluxes. Therefore, the remain interesting open
questions are whether we can have a huge number of semi-realistic Type IIA and realistic
Type IIB flux vacua, and whether these vacua can be populated in the string landscape.
In this paper, we shall study the flux parameter spaces in details for semi-realistic su-
persymmetric Pati-Salam models in the AdS vacua on Type IIA orientifold and realistic
supersymmetric Pati-Salam models in the Minkowski vacua on Type IIB orientifold with
general flux compactifications. We show explicitly that there indeed exists a huge number
of semi-realistic Type IIA and realistic Type IIB Pati-Salam flux models. These discussions
also confirm the possibility of the string landscape. However, it seems to us that these semi-
realistic Type IIA and realistic Type IIB flux models can not be populated in the string
landscape. The point is the following: we can easily construct much more models that do
not have the SM gauge symmetry while satisfy the same model building constraints, for
concrete examples, see the statistical study in Ref. [43].
First, we briefly review the supersymmetric intersecting D6-brane model building in the
AdS vacua on Type IIA orientifold with flux compactifications. In general, even though
we take the RR fluxes e and/or e0 (for detail definitions, see the following discussions and
those in Ref. [37]) to be very large, we do not change the gauge groups and the particle
spectra of the D6-brane models since the fluxes e and e0 do not contribute to the RR
tadpole cancellation conditions. In particular, if we take both e and e0 to be very large
while keeping (e0a − eh0) as a constant where a and h0 are respectively the metric and
NSNS fluxes, the very large fluxes e and e0 will not affect the dilaton s, Ka¨hler moduli ti,
complex structure moduli ui, and the cosmological constant of the models. In this case, we
can take e and e0 to be very large, and keep the same main properties of the models, for
example, the gauge symmetries, the gauge coupling constants, the particle spectra, and the
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cosmological constant, etc. The only difference is that one linear combination of imagininary
parts of s and ui (3aIms +
∑3
i=1 biImui) will be very large and proportional to e where bi
are metric fluxes. Moreover, if (e0a − eh0) is very large, we show that the theory will be
very weakly coupled, and the magnitude of the cosmological constant will be very small and
proportional to (e0a − eh0)−5/3 so that the AdS vacua approach to the Minkowski vacua.
And if only e0 is very large, (3aIms +
∑3
i=1 biImui) will be a constant as well since it only
depends on e. Next, we take the other fluxes a, h0, m, and/or q to be very large where
m and q are RR fluxes. Interestingly, only the quadratic combination (h0m+ 3qa) appears
in the RR tadpole cancellation conditions. And if (h0m + 3qa) < 0, the fluxes contribute
negative D-brane charges to all the RR tadpole cancellation conditions. Thus, when a, h0,
m, and/or q are very large, we consider two kinds of models: (1) (h0m+3qa) is a constant;
(2) (h0m+ 3qa) is very large. In the first kind of Pati-Salam models which was constructed
and studied by us previously [38], we take h0, m, and q to be very large while keeping
(h0m+3qa) as a constant. Thus, we do not change the RR tadpole concellation conditions,
the gauge symmetries, and the particle spectra of the models. In the very large flux limit,
the theory becomes very weakly coupled, the magnitude of the cosmological constant will
become very small, and then the AdS vacua also approach to the Minkowski vacua. In the
second kind of Pati-Salam models, we not only take a and h0 to be very large, but also
take (h0m+ 3qa) to be very large. If (h0m+ 3qa) is negative and very large, we can always
satisfy the RR tadpole cancellation conditions by introducing more D-branes. However, we
will have many chiral exotic particles that can not be decoupled easily. Thus, we take the
complex structure moduli to be very large so that only one of the RR tadpole cancellation
conditions will become very large and proportional to a or h0. We show that at the string
scale, the gauge symmetry can be broken down to the SM gauge symmetry, and the exotic
particles might be decoupled. The gauge couplings for SU(2)L and SU(2)R are half of these
for SU(3)C and U(1)B−L. In the very large flux limit, the gauge coulings approach to the
fixed constants, but the magnitude of the cosmological constant will be very large which can
be made very small again if we introduce very large e and/or e0 fluxes.
Second, we briefly review the supersymmetric D-brane model building in the Minkowski
vacua on Type IIB orientifold with general flux compactifications. We construct a series
of realistic Pati-Salam models with gauge groups U(4)C × U(2)L × U(2)R and USp(10) ×
USp(6(κ−1))3 in the observable sector and hidden sector, respectively, where κ = 1, 2, 3, ....
At the string scale, the gauge symmetry can be broken down to the SM gauge symmetry, the
gauge coupling unification can be achieved naturally, and all the extra chiral exotic particles
can be decoupled so that we have the supersymmetric SMs with/without SM singlet(s)
below the string scale. The observed SM fermion masses and mixings can also be obtained.
In addition, the unified gauge coupling, the dilaton, the complex structure moduli, the real
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parts of the Ka¨hler moduli and the sum of the imaginary parts of the Ka¨hler moduli can
be determined as functions of the four-dimensional dilaton and fluxes, and can be estimated
as well. In particular, in the very large flux limit, we can choose the unified gauge coupling
at the string scale as the unified gauge coupling in the supersymmetric SMs at the GUT
scale. In other words, we can choose the real parts of the dilaton (s) and Ka¨hler moduli
(ti) as constants because they are independent of the fluxes. And we emphasize that the
cosmological constant is always zero in these models due to the Minkowski vacua. Moreover,
we consider the flux parameter spaces in two kinds of the models: κ = 1 and κ > 1 . For the
first kind of models with κ = 1, we do not have gauge symmetries USp(6(κ− 1))3, and we
have constructed and studied such kind of models previously [34]. In these models, the very
large fluxes do not contribute to the RR tadpole cancellation conditions, and we find two
kinds of solutions to the flux consistent equations. In the very large flux limit, the real part
of the complex structure moduli (u1 = u2 = u3 ≡ u) and the sum of the imaginary parts of
the Ka¨hler moduli (t ≡ t1 + t2 + t3) are constants and independent of the very large fluxes.
Only the imaginary parts of the dilaton and complex structure moduli will be very large
and proportional to the very large fluxes. For the second kind of models with κ > 1, we
obtain four kinds of solutions to the flux consistent equations, and show that there indeed
exist a huge number of the realistic flux vacua. In the very large κ limit, we consider the
asymptotic behaviour for Reu, Ims, Imt, and Imu, and present some concrete examples.
This paper is organized as follows. In Section II, we briefly review the supersymmetric
intersecting D6-brane model building in the AdS vacua on Type IIA orientifold with flux
compactifications and the general case with very large fluxes e and/or e0. And we study
two kinds of the Type IIA Pati-Salam flux models in Section III. In Section IV, we briefly
review the supersymmetric D-brane model building in the Minkowski vacua on Type IIB
orientifold with general flux compactifications. We study a series of realistic Pati-Salam flux
models in Section V. Discussion and conclusions are given in Section VI.
II. FLUX MODEL BUILDING ON TYPE IIA ORIENTIFOLD
Let us briefly review the rules for the intersecting D6-brane model building in Type IIA
theory on T6 orientifold with flux compactifications [36, 37]. We consider T6 to be a six-
torus factorized as T6 = T2 × T2 × T2 whose complex coordinates are zi, i = 1, 2, 3 for
the i-th two-torus, respectively. We implement an orientifold projection ΩR, where Ω is the
world-sheet parity, and R acts on the complex coordinates as
R : (z1, z2, z3)→ (z1, z2, z3) . (1)
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Thus, we have the orientifold 6-planes (O6-planes) under the actions of ΩR. In addition,
we introduce some stacks of D6-branes which wrap on the factorized three-cycles. There
are two kinds of complex structures consistent with orientifold projection for a two-torus –
rectangular and tilted [9, 44]. If we denote the homology classes of the three cycles wrapped
by a stack of Na D6-branes as n
i
a[ai] +m
i
a[bi] and n
i
a[a
′
i] + m˜
i
a[bi] with [a
′
i] = [ai] +
1
2
[bi] for
the rectangular and tilted two-tori respectively, we can label a generic one cycle by (nia, l
i
a)
in which lia ≡ mia for a rectangular two-torus while lia ≡ 2mia = 2m˜ia + nia for a tilted two-
torus [11]. For a stack of Na D6-branes along the cycle (n
i
a, l
i
a), we also need to include
their ΩR images Na′ with wrapping numbers (n
i
a,−lia). For the D6-branes on the top of O6-
planes, we count them and their ΩR images independently. So, the homology three-cycles
for a stack of Na D6-branes and its orientifold image a
′ are
[Πa] =
3∏
i=1
(
nia[ai] + 2
−βilia[bi]
)
, [Πa′ ] =
3∏
i=1
(
nia[ai]− 2−βilia[bi]
)
, (2)
where βi = 0 if the i-th two-torus is rectangular and βi = 1 if it is tilted. And the homology
three-cycle wrapped by the O6-planes is
ΩR : [ΠO6] = 2
3[a1]× [a2]× [a3] . (3)
Therefore, the intersection numbers are
Iab = [Πa][Πb] = 2
−k
3∏
i=1
(nial
i
b − niblia) , (4)
Iab′ = [Πa] [Πb′ ] = −2−k
3∏
i=1
(nial
i
b + n
i
bl
i
a) , (5)
Iaa′ = [Πa] [Πa′ ] = −23−k
3∏
i=1
(nial
i
a) , (6)
IaO6 = [Πa][ΠO6] = −23−kl1al2al3a , (7)
where k = β1 + β2 + β3 is the total number of tilted two-tori.
For a stack of Na D6-branes whose homology three-cycles are not invariant under ΩR, we
have U(Na) gauge symmetry. Otherwise, we obtain USp(2Na) gauge symmetry. The general
spectrum of D6-branes’ intersecting at generic angles, which is valid for both rectangular
and tilted two-tori, is given in Table I. The four-dimensional N = 1 supersymmetric models
on Type IIA orientifolds with intersecting D6-branes are mainly constrained in two aspects:
four-dimensional N = 1 supersymmetry conditions, and RR tadpole cancellation conditions.
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Sector Representation
aa U(Na) vector multiplet and 3 adjoint chiral multiplets
ab+ ba Iab (Na, Nb) chiral multiplets
ab′ + b′a Iab′ (Na, Nb) chiral multiplets
aa′ + a′a 12(Iaa′ + IaO6) anti-symmetric chiral multiplets
1
2(Iaa′ − IaO6) symmetric chiral multiplets
TABLE I: The general spectrum for the intersecting D6-brane model building in Type IIA theory
on T6 orientifold with flux compactifications.
To simplify the notation, we define the following products of wrapping numbers
Aa ≡ −n1an2an3a , Ba ≡ n1al2al3a , Ca ≡ l1an2al3a , Da ≡ l1al2an3a ,
A˜a ≡ −l1al2al3a , B˜a ≡ l1an2an3a , C˜a ≡ n1al2an3a , D˜a ≡ n1an2al3a .
(8)
(1) Four-Dimensional N = 1 Supersymmetry Conditions
The four-dimensional N = 1 supersymmetry can be preserved by the orientation projec-
tion (ΩR) if and only if the rotation angle of any D6-brane with respect to any O6-plane is
an element of SU(3) [2], i. e., θ1 + θ2 + θ3 = 0 mod 2pi, where θi is the angle between the
D6-brane and the O6-plane on the i-th two-torus. Then the supersymmetry conditions can
be rewritten as [11]
xAA˜a + xBB˜a + xCC˜a + xDD˜a = 0 , (9)
Aa/xA +Ba/xB + Ca/xC +Da/xD < 0 , (10)
where xA = λ, xB = λ2
β2+β3/χ2χ3, xC = λ2
β1+β3/χ1χ3, and xD = λ2
β1+β2/χ1χ2 in which
χi = R
2
i /R
1
i are the complex structure parameters and λ is a positive real number.
(2) RR Tadpole Cancellation Conditions
The total RR charges from the D6-branes and O6-planes and from the metric, NSNS,
and RR fluxes must vanish since the RR field flux lines are conserved. With the filler branes
on the top of the O6-plane, we obtain the RR tadpole cancellation conditions [36, 37]:
2kNO6 −
∑
a
NaAa +
1
2
(mh0 + q1a1 + q2a2 + q3a3) = 16 , (11)
∑
a
2−β2−β3NaBa +
1
2
(mh1 − q1b11 − q2b21 − q3b31) = 0 , (12)
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∑
a
2−β1−β3NaCa +
1
2
(mh2 − q1b12 − q2b22 − q3b32) = 0 , (13)
∑
a
2−β1−β2NaDa +
1
2
(mh3 − q1b13 − q2b23 − q3b33) = 0 , (14)
where 2NO6 are the number of filler branes wrapping along the O6-plane. In addition, ai
and bij arise from the metric fluxes, h0 and hi arise from the NSNS fluxes, and m and qi
arise from the RR fluxes. We consider these fluxes (ai, bij , h0, hi, m and qi) quantized in
units of 2 so that we can avoid the subtle problems with flux Dirac quantization conditions.
In addition to the above RR tadpole cancellation conditions, the discrete D-brane RR
charges classified by Z2 K-theory groups in the presence of orientifolds, which are subtle
and invisible by the ordinary homology [26, 45, 46], should also be taken into account [24].
The K-theory conditions for a Z2 × Z2 orientifold are
∑
a
A˜a =
∑
a
B˜a =
∑
a
C˜a =
∑
a
D˜a = 0 mod 2 . (15)
Moreover, the Freed-Witten anomaly [47] cancellation condition is [37]
− 2−kh0A˜a + 2−β1h1B˜a + 2−β2h2C˜a + 2−β3h3D˜a = 0 . (16)
Furthermore, there are seven moduli fields in the supergravity theory basis, the dilaton
s, three Ka¨hler moduli ti, and three complex structure moduli ui. And their real parts are
Res ≡ e
−φ4
√
χ1χ2χ3
, Reti ≡ Ai
α′
, Reui ≡ e−φ4
√
χjχk
χi
, (17)
where φ4 is the four-dimensional T-duality invariant dilaton, Ai is the area for the i-th two-
torus, α′ is string tension, and i 6= j 6= k 6= i. Moreover, φ4 is related to the ten-dimensional
dilaton φ as following
eφ4 =
eφ√
Ret1Ret2Ret3
. (18)
And the four-dimensional Planck scale MPl is
MPl =
e−2φ4
piα′
. (19)
Moreover, the full superpotential is [37]
W = e0 + ih0S +
3∑
i=1
[(iei − ais− biiui −
∑
j 6=i
bijuj)ti − ihiui]
−q1t2t3 − q2t1t3 − q3t1t2 + imt1t2t3 , (20)
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where e0 and ei are RR fluxes. The Ka¨hler potential for these moduli is
K = −ln(s+ s¯)−
3∑
i=1
ln(ti + t¯i)−
3∑
i=1
ln(ui + u¯i) . (21)
And the holomorphic gauge kinetic function for a generic stack of D6-branes is given by [48,
49]
fa =
1
κa
(
n1a n
2
a n
3
a s− n1am2am3a u1
−n2am1am3a u2 − n3am1am2a u3
)
, (22)
where κa is equal to 1 and 2 for U(n) and USp(2n), respectively. We emphasize that m
i
a is
equal to lia and l
i
a/2 for the rectangular and tilted two-torus, respectively.
In addition, the supergravity scalar potential is
V = eK
(
Kij¯DiWDj¯W − 3|W|2
)
, (23)
where Kij¯ is the inverse metric of Kij¯ ≡ ∂i∂j¯K, DiW = ∂iW + (∂iK)W, and ∂i = ∂φi where
φi can be s, ti, and ui.
In this paper, we concentrate on the supersymmetric AdS vacua [37]. For simplicity, we
assume that the Ka¨hler moduli ti satisfy t1 = t2 = t3, then we obtain q1 = q2 = q3 ≡ q
and e1 = e2 = e3 ≡ e at the AdS vacua. To satisfy the Jacobi identities for metric fluxes,
we consider the solution ai = a, bii = −bi, and bji = bi in which j 6= i [37]. Then, the
superpotential becomes
W = e0 + 3iet− 3qt2 + imt3 + ih0s− 3ast−
3∑
k=0
(ihk + bkt)uk . (24)
For the supersymmetric AdS vacua, we have
DsW = DtW = DuiW = 0 . (25)
From the above equations, we obtain the following ten real equations for m 6= 0 [37]
3aRes = biReui , for i = 1, 2, 3 , (26)
3hia+ h0bi = 0 , for i = 1, 2, 3 , (27)
3aIms+
3∑
i=1
biImui = 3e− 3q
a
(3h0 − 7aImt)− 3m
a
Imt(3h0 − 8aImt) , (28)
aRes = −2Ret(q +mImt) , (29)
9
160λ3 + 186(λ0 − 1)λ2 + 27(λ0 − 1)2λ+ λ20(λ0 − 3) +
27a2
mh30
(e0a− eh0) = 0 , (30)
3a2(Ret)2 = 5h20λ(λ+ λ0 − 1) , (31)
where
Imt = (λ+ λ0)
h0
3a
, λ0 = − 3qa
mh0
. (32)
And we require λ(λ+ λ0 − 1) > 0. Also, Eq. (29) can be rewritten as
3a2Res = −2h0mλRet . (33)
Interestingly, it can be shown that if Eqs. (9), (26), and (27) are satisfied, the Freed-Witten
anomaly is automatically cancelled. Moreover, we obtain the cosmological constant
V0 = −ab1b2b3λ
2
0(16λ+ λ0 − 1)
1920 q2Ret3λ3
. (34)
From Eqs. (26) and (27), we obtain
b1 =
3a
χ2χ3
, b2 =
3a
χ1χ3
, b3 =
3a
χ1χ2
, (35)
h1 = − h0
χ2χ3
, h2 = − h0
χ1χ3
, h3 = − h0
χ1χ2
. (36)
Thus, the RR tadpole cancellation conditions can be rewritten as following
2kNO6 −
∑
a
NaAa +
1
2
(h0m+ 3aq) = 16 , (37)
∑
a
2−β2−β3NaBa − 1
2χ2χ3
(h0m+ 3aq) = 0 , (38)
∑
a
2−β1−β3NaCa − 1
2χ1χ3
(h0m+ 3aq) = 0 , (39)
∑
a
2−β1−β2NaDa − 1
2χ1χ2
(h0m+ 3aq) = 0 . (40)
Therefore, only the flux quadratic combination (h0m + 3aq) appears in the RR tadpole
cancellation condition. And if (h0m+ 3aq) < 0, the supergravity fluxes contribute negative
D6-brane charges to all the RR tadpole cancellation conditions, and then, the RR tadpole
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cancellation conditions give no constraints on the consistent model building because we can
always introduce suitable supergravity fluxes and some stacks of D6-branes in the hidden
sector to cancel the RR tadpoles.
In general, we can take the fluxes e0 and e as arbitrary large integers that are multiples
of 2, i.e., e0 and e can be very large. Here, for simplicity, we assume that the fluxes h0,
m, q and a are the finite fixed integers that satisfy the RR tadpole cancellation conditions.
Interestingly, if both e and e0 are very large while (e0a − eh0) is a constant, the very large
fluxes e and e0 will not affect the dilaton, Ka¨hler moduli, complex structure moduli, and the
cosmological constant of the models. So, we can take e and e0 to be very large, and keep the
same main properties of the models, for example, the gauge symmetries, the gauge coupling
constants, the particle spectra, and the cosmological constant, etc. The only difference is
that one linear combination of the imagininary parts of s and ui (3aIms+
∑3
i=1 biImui) will
be very large and proportional to e. For the case with very large (e0a− eh0), we define
∆ ≡
[
− 27a
2
160mh30
(e0a− eh0)
]1/3
. (41)
If e0 and/or e are/is very large, ∆ can be very large. In particular, if we fix e and only allow
e0 to be very large, the value of 3aIms+
∑3
i=1 biImui is fixed and will not be very large. In
the large ∆ limit, we obtain
Ret ≃
√
15
3
|h0∆
a
| , Res ≃ −2h0m∆
3a2
Ret , Reui ≃ −2h0m∆
abi
Ret . (42)
Thus we have
eφ4 ∼ ∆−2 , eφ ∼ ∆−1/2 , g−2a,b,c ∼ ∆2 . (43)
And then, the theory will be very weakly coupled. The cosmological constant is
V0 ≃ − ab1b2b3λ
2
0
120 q2Ret3λ2
∼ ∆−5 . (44)
So, the magnitude of the cosmological constant will be very small if ∆ is very large. And
then the AdS vacua will approach to the Minkowski vacua.
III. TYPE IIA FLUX MODELS
We will present two kinds of models where some of the fluxes are free parameters and
can be very large. In the first kind of models, the very large fluxes that we introduce do
not change the RR tadpole cancellation conditions. While in the second kind of models, the
very large fluxes do contribute to one of the D-brane RR tadpole cancellation conditions.
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A. Model TIIA-I
In all the Pati-Salam models, SU(5) models, and flipped SU(5) models that have been
constructed previously [38, 39], the fluxes h0, m, q, and a are not fixed. And only one
quadratic combination of them (h0m + 3qa) is determined by the RR tadpole cancellation
conditions. Thus, three of the four fluxes h0, m, q, and a can be free parameters. Moreover,
e and e0 can also be taken as free parameters. As an example, let us study a concrete model
which is model TI-U-4 in Ref. [38]. We present the D-brane configurations and intersection
numbers in Table II, and the particle spectrum in the observed sector in Tables III and
IV. The phenomenological consequences have been discussed in Ref. [38]. Similar to the
discussions in Ref. [17, 18], we can explain the SM fermion masses and mixings because all
the SM fermions and Higgs fields arise from the intersections on the third torus.
stackN (n1,l1)(n2,l2)(n3,l3) A S b b
′ c c′ d d′ e e′ O6
a 4 ( 0,-1)( 1, 1)( 3, 1) 1 -1 3 0(1) -3 0(3) 2 0(2) -3 - 1
b 2 (-1,-1)( 2, 0)(-3, 1) 0 0 - - 6 0(3) -1 -5 6 - 0(1)
c 2 ( 1,-1)(-1, 1)( 0,-2) -2 2 - - - - 0(10) 2 0(1) - -2
d 2 ( 2, 3) ( 1,-1)( 2, 0) 0 0 - - - - - - 6 - 0(3)
e 1 ( 1, 0) ( 0,-2)( 0, 2) 0 0 - - - - - - - - 0(4)
O6 5 ( 1, 0) ( 2, 0)( 2, 0) - - - - - - - - - - -
TABLE II: D6-brane configurations and intersection numbers for Model TIIA-I on Type IIA T6
orientifold. The complete gauge symmetry is [U(4)C ×U(2)L×U(2)R]observable× [U(2)×USp(2)×
USp(10)]hidden, the SM fermions and Higgs fields arise from the intersections on the third two-
torus, and the complex structure parameters are 6χ1 = 2χ2 = χ3 = 2
√
6. To satisfy the RR
tadpole cancellation conditions, we choose h0m+ 3aq = −48.
Moreover, we can calculate the real parts of dilaton and complex structure moduli
Res =
63/4e−φ4
24pi
, Reu1 =
63/4e−φ4
2pi
,
Reu2 =
63/4e−φ4
6pi
, Reu3 =
63/4e−φ4
12pi
. (45)
And then, we obtain the gauge couplings at the string scale in the observable sector
2g−2a = g
−2
b = g
−2
c = 5
63/4e−φ4
12pi
. (46)
So, the gauge couplings for SU(2)L and SU(2)R are unified at the string scale, and are half
of these for SU(3)C and U(1)B−L.
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Representation Multiplicity U(1)aU(1)bU(1)c
(4a, 2¯b) 3 1 -1 0
(4¯a, 2c) 3 -1 0 1
(2b, 2¯c) 6 0 1 -1
(4a, 2c) 3 1 0 1
(4¯a, 2¯c) 3 -1 0 -1
6a 1 2 0 0
10a 1 -2 0 0
1c 2 0 0 -2
3c 2 0 0 2
TABLE III: The particle spectrum in observable sector in Model TIIA-I with gauge symmetry
[U(4)C ×U(2)L × U(2)R]observable × [U(2)× USp(2)× USp(10)]hidden. Here, a, b and c denote the
gauge groups U(4)C , U(2)L and U(2)R, respectively.
Next, we shall study the flux parameter spaces when the fluxes h0, m, q, and/or a are
very large. The general solution to h0m+ 3qa = −48 is
m = 2N1 , h0 = −24N2 , q = 2N3 , a = 8(N1N2 − 1)
N3
, (47)
where (N1N2 − 1) must be the multiple of N3. For example, we can have N3 = ±1 or
N3 = ±(N1N2− 1). If a is very large, the theory will be strong coupled, and the magnitude
of the cosmological constant is very large. Although we can make the theory to be weakly
coupled and the magnitude of the cosmological constant to be small by introducing the very
large fluxes e and/or e0, we do not consider the case with large a for simplicity. And then we
obtain N3 = ±(N1N2 − 1). To be concrete, we choose that N1 and N2 are positive integers,
and N3 = (N1N2 − 1). For simplicity, we assume e0 = e = 0.
In the very large N1 and/or N2 limit, we obtain
λ0 = 1− 1
N1N2
−→ 1 , λ ≃ 10
2/3
20
. (48)
In addition, we obtain
Res ∼ N1N22 , Ret ∼ N2 , Reui ∼ N1N22 , (49)
e−φ4 ∼ N1N22 , e−φ ∼ N1N1/22 , g−2a,b,c ∼ N1N22 , (50)
V0 ∼ N−21 N−52 . (51)
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Representation Multiplicity U(1)aU(1)bU(1)cU(1)d
(4a, 2¯d) 2 1 0 0 -1
(4¯a, 2e) 3 -1 0 0 0
(4a, 10O6) 1 1 0 0 0
(2¯b, 2d) 1 0 -1 0 1
(2¯b, 2¯d) 5 0 -1 0 -1
(2b, 2e) 6 0 1 0 0
(2c, 2d) 2 0 0 1 1
(2¯c, 10O6) 2 0 0 -1 0
(2d, 2e) 6 0 0 0 1
TABLE IV: The exotic particle spectrum in Model TIIA-I with gauge symmetry [U(4)C ×U(2)L×
U(2)R]observable × [U(2) × USp(2) × USp(10)]hidden. Here, a, b, c, d, e and O6 denote the gauge
groups U(4)C , U(2)L, U(2)R, U(2), USp(2) and USp(10), respectively.
Thus, in the very large N1 and/or N2 limit, the theory will be very weakly coupled, the
magnitude of the cosmological constant will be close to zero, and then the AdS vacua
approach to the Minkowski vacua.
B. Model TIIA-II
In the above kind of models, we consider the scenario where the fluxes can be very large
while (h0m+3qa) is a negative constant. In this subsection, we consider the scenario where
the fluxes can be very large, and (h0m+3qa) is also a large negative number. If (h0m+3qa)
is negative and very large, we can alaways satisfy the RR tadpole cancellation conditions by
introducing enough D-branes. However, we will have many chiral exotic particles that can
not be decoupled easily. Thus, we consider a special scenario where the complex structure
parameters χi are also very large, and we keep h0/(χiχj) and a/(χiχj) constant. Then the
very large fluxes only affect the first RR tadpole cancellation condition in Eq. (37).
We present the D-brane configurations and intersection numbers in Table V, and the
particle spectrum in the observed sector in Table VI. In addition, we choose
χ1 =
√
κ
3
√
2
, χ2 = χ3 =
√
2κ , (52)
h0m+ 3qa = −8κ , (53)
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stk N (n1, l1)(n2, l2)(n3, l3) A S b b
′ c c′ d e f O6
a 4 ( 1, 0) (-1,-1) (-1, 1) 0 0 3 0(3)-30(3) 0(1) 1 -1 0(1)
b 2 (-1, 3) (-2, 0) ( 1, 1) 0 0 - - 6 0(1) -6 0(1) 2 0(3)
c 2 ( 1, 3) (-1, 1) (-2, 0) 0 0 - - - - 6 -2 0(1)0(3)
d 1 ( 1, 0) ( 0,-2) ( 0, 2) 0 0 - - - - - 0(2)0(2)0(4)
e 3 ( 0,-1) ( 2, 0) ( 0, 2) 0 0 - - - - - - 0(4)0(2)
f 3 ( 0, 1) ( 0, 2) ( 2, 0) 0 0 - - - - - - - 0(2)
O6 (1 + κ) ( 1, 0) ( 2, 0) ( 2, 0) - - χ3 = χ2 = 6χ1
TABLE V: D6-brane configurations and intersection numbers for Model TIIA-II on Type IIA
T6 orientifold. The complete gauge symmetry is U(4)C × U(2)L × U(2)R × USp(2) × USp(6)2 ×
USp(2(1 + κ)), and the SM fermions and Higgs fields arise from the intersections on the first
two-torus.
where κ = 1, 2, 3, · · ·. From Eqs. (33), (35) and (36), we obtain the generic solution to the
flux consistent equations:
h0 = 4κη , m = −4η , q = 2η′ , a = 4κη′ , (54)
b1 = 6η
′ , b2 = b3 = 36η
′ , h1 = −2η , h2 = h3 = −12η , (55)
where η = ±1 and η′ = ±1. In this case, κ can be considered as a scale factor. Then in the
very large κ limit, we obtain
Res −→ κ−1Res , Ret −→ Ret , Reui −→ Reui , (56)
Ims −→ Ims , Imt −→ Imt , Imui −→ Imui , (57)
e−φ4 −→ κ−1/4e−φ4 , e−φ −→ κ−1/4e−φ , V0 −→ κV0 . (58)
Thus, the gauge theory will not become strong coupled and the gauge couplings approach
to the fixed constants. However, the magnitude of the cosmological constant will be very
large. In order to have small magnitude for the cosmological constant, we can introduce
very large e0 and/or e, as in the last Section.
Next, let us consider the phenomenological consequences. The anomalies from three
global U(1)s of U(4)C , U(2)L and U(2)R are cancelled by the Green-Schwarz mechanism,
and the gauge fields of these U(1)s obtain masses via the linear B ∧ F couplings. So,
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Representation Multiplicity U(1)aU(1)bU(1)c Field
(4a, 2¯b) 3 1 -1 0 FL(QL, LL)
(4¯a, 2c) 3 -1 0 1 FR(QR, LR)
(2b, 2¯c) 6 0 1 -1 Φi(H
i
u,H
i
d)
(4a, 2c) 3 1 0 1
(4¯a, 2¯c) 3 -1 0 -1
(4a, 6e) 1 1 0 0 Xae
(4a, 6f ) 1 -1 0 0 Xaf
(2b, 2d) 6 0 -1 0 X
i
bd
(2b, 6f ) 2 0 1 0 X
i
bf
(2c, 2d) 6 0 0 1 X
i
cd
(2c, 6e) 2 0 0 -1 X
i
ce
TABLE VI: The particle spectrum in observable sector in Model TIIA-II with gauge symmetry
[U(4)C × U(2)L × U(2)R]observable × [USp(2) × USp(6)2 × USp(2 + 2κ)]hidden. Here, a, b and c
denote the gauge groups U(4)C , U(2)L and U(2)R, respectively.
the effective gauge symmetry is SU(4)C × SU(2)L × SU(2)R. In order to break the gauge
symmetry, on the first two-torus, we split the a stack of D-branes into a1 and a2 stacks with
3 and 1 D-branes, respectively, and split the c stack of D-branes into c1 and c2 stacks with
1 D-brane for each one. Then, the gauge symmetry is further broken down to SU(3)C ×
SU(2)L × U(1)I3R × U(1)B−L. We can break the U(1)I3R × U(1)B−L gauge symmetry down
to the U(1)Y gauge symmetry by giving vacuum expectation values (VEVs) to the vector-
like particles with quantum numbers (1, 1, 1/2,−1) and (1, 1,−1/2, 1) under SU(3)C ×
SU(2)L × U(1)I3R × U(1)B−L from a2c′1 D-brane intersections. Similar to the discussions
in Ref. [17, 18], we can explain the SM fermion masses and mixings because all the SM
fermions and Higgs fields arise from the intersections on the first two-torus.
To decouple the chiral exotic particles, we assume that the e and f stacks of the D-branes
are on the top of each other on the first two-torus, the d and f stacks of the D-branes are
on the top of each other on the second two-torus, and the d and e stacks of the D-branes are
on the top of each other on the third two-torus. Then we have the vector-like particles (X ief
and X
i
ef), (X
j
df and X
j
df ), and (X
j
de and X
j
de) whose quantum numbers are (6e, 6f), (2d, 6f),
and (2d, 6e), respectively, where i = 1, 2, 3, 4 and j = 1, 2. Then, we have the following
superpotential
W ⊃ XaeXaf (X ief +X ief) +X ibdXjbf(Xkdf +Xkdf ) +X icdXjce(Xkde +Xkde) , (59)
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where we neglect the Yukawa couplings. Thus, if (X ief and X
i
ef), (X
j
df and X
j
df ), and (X
j
de
and X
j
de) obtain VEVs, we might decouple all the chiral exotic particles. In short, below
the string scale, we may just have the supersymmetric Standard Model.
Moreover, we can calculate the real parts of the dilaton and complex structure moduli
Res =
√
6
√
2e−φ4
4piκ3/4
, Reu1 =
√
6
√
2κ1/4e−φ4
2pi
,
Reu2 =
√
6
√
2κ1/4e−φ4
12pi
, Reu3 =
√
6
√
2κ1/4e−φ4
12pi
. (60)
And then, we obtain the gauge couplings at the string scale in the observable sector
2g−2a = g
−2
b = g
−2
c =
√
6
√
2κ1/4e−φ4
2pi
(
1
κ
+
1
2
)
. (61)
So, the gauge couplings for SU(2)L and SU(2)R are unified at the string scale, and are half
of these for SU(3)C and U(1)B−L.
IV. FLUX MODEL BUILDING ON TYPE IIB ORIENTIFOLD
We consider the Type IIB string theory compactified on a T6 orientifold where T6 is a
six-torus factorized as T6 = T2 × T2 × T2 whose complex coordinates are zi, i = 1, 2, 3
for the i-th two-torus, respectively [24, 25, 28]. The orientifold projection is implemented
by gauging the symmetry ΩR, where Ω is world-sheet parity, and R is given by
R : (z1, z2, z3)→ (−z1,−z2,−z3) . (62)
Thus, the model contains 64 O3-planes. In order to cancel the negative RR charges from
these O3-planes, we introduce the magnetized D(3+2n)-branes which are filling up the four-
dimensional Minkowski space-time and wrapping 2n-cycles on the compact manifold. Con-
cretely, for one stack of Na D-branes wrapped m
i
a times on the i-th two-torus T
2
i
, we turn
on nia units of magnetic fluxes F
i
a for the center of mass U(1)a gauge factor on T
2
i
, such that
mia
1
2pi
∫
T 2
i
F ia = n
i
a , (63)
where mia can be half integer for tilted two-torus. Then, the D9-, D7-, D5- and D3-branes
contain 0, 1, 2 and 3 vanishing mias, respectively. Introducing for the i-th two-torus the even
homology classes [0i] and [T
2
i ] for the point and two-torus, respectively, the vectors of the
RR charges of the a stack of D-branes and its image are
[Πa] =
3∏
i=1
(nia[0i] +m
i
a[T
2
i ]),
[Π′a] =
3∏
i=1
(nia[0i]−mia[T2i ]) , (64)
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TABLE VII: General spectrum for magnetized D-branes on the Type IIB T6 orientifold.
Sector Representation
aa U(Na) vector multiplet
3 adjoint multiplets
ab+ ba Iab (Na, N b) multiplets
ab′ + b′a Iab′ (Na, Nb) multiplets
aa′ + a′a 12(Iaa′ − IaO3) symmetric multiplets
1
2 (Iaa′ + IaO3) anti-symmetric multiplets
respectively. The “intersection numbers” in Type IIA language, which determine the chiral
massless spectrum, are
Iab = [Πa] · [Πb] =
3∏
i=1
(niam
i
b − nibmia) . (65)
Moreover, for a stack of N D(2n+3)-branes whose homology classes on T6 is (not) in-
variant under ΩR, we obtain a (U(N)) USp(2N) gauge symmetry with three (adjoint)
anti-symmetric chiral superfields due to the orbifold projection. The physical spectrum is
presented in Table VII.
The flux models on Type IIB orientifolds with four-dimensional N = 1 supersymmetry
are primarily constrained by the RR tadpole cancellation conditions that will be given
later, the four-dimensional N = 1 supersymmetry condition, and the K-theory anomaly
free conditions. For the D-branes with world-volume magnetic field F ia = n
i
a/(m
i
aχi) where
χi is the area of T
2
i
in string units, the condition to preserve the four-dimensional N = 1
supersymmetry is [28]
∑
i
(
tan−1(F ia)
−1 + θ(nia)pi
)
= 0 mod 2pi , (66)
where θ(nia) = 1 for n
i
a < 0 and θ(n
i
a) = 0 for n
i
a ≥ 0. The K-theory anomaly free conditions
are
∑
a
Nam
1
am
2
am
3
a =
∑
a
Nam
1
an
2
an
3
a =
∑
a
Nan
1
am
2
an
3
a
=
∑
a
Nan
1
an
2
am
3
a = 0 mod 2 . (67)
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And the holomorphic gauge kinetic function for a generic stack of D(2n+3)-branes is given
by [48, 49]
fa =
1
κa
(
n1a n
2
a n
3
a s− n1am2am3a t1
−n2am1am3a t2 − n3am1am2a t3
)
, (68)
where κa is equal to 1 and 2 for U(n) and USp(2n), respectively.
We turn on the NSNS flux h0, RR flux ei, non-geometric fluxes bii and b¯ii, and the S-dual
fluxes fi, gij and gii [32, 34]. To avoid the subtleties, these fluxes should be even integers
due to the Dirac quantization. For simplicity, we assume
ei = e , bii = β , b¯ii = β¯ ,
fi = f , gij = −gii = g , (69)
where i 6= j. Then the constraint on fluxes from Bianchi indetities is
fβ¯ = gβ . (70)
The RR tadpole cancellation conditions are
∑
a
Nan
1
an
2
an
3
a = 16 ,
∑
a
Nan
i
am
j
am
k
a = −
1
2
eβ¯ ,
NNS7i = 0 , NI7i = 0 , (71)
where i 6= j 6= k 6= i, and the NNS7i and NI7i denote the NS 7-brane charge and the other
7-brane charge, respectively [32, 34]. Thus, if eβ¯ < 0, the RR tadpole cancellation conditions
are relaxed elegantly because −eβ¯/2 only needs to be even integer. Moreover, we have 7
moduli fields in the supergravity theory basis, the dilaton s, three Ka¨hler moduli ti, and
three complex structure moduli ui. With the above fluxes, we can assume
t ≡ t1 + t2 + t3 , u1 = u2 = u3 ≡ u . (72)
Then the superpotential becomes [34]
W = 3ieu+ ih0s− t
(
βu− iβ¯u2
)
− st (f − igu) . (73)
The Ka¨hler potential for these moduli is
K = −ln(s+ s¯)−
3∑
i=1
ln(ti + t¯i)−
3∑
i=1
ln(ui + u¯i) . (74)
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Thus, for the supersymmetric Minkowski vacua, we have
W = ∂sW = ∂tW = ∂uW = 0 . (75)
From ∂sW = ∂tW = 0, we obtain [34]
t =
ih0
f − igu , s = −
β
f
u , (76)
then the superpotential turns out
W =
(
3e− h0β
f
)
iu . (77)
Therefore, to satisfy W = ∂uW = 0, we obtain [34]
3ef = βh0 . (78)
Because Res > 0, Reti > 0 and Reui > 0, we require
h0
g
< 0 ,
β
f
< 0 . (79)
In general, this kind of D-brane models might have the Freed-Witten anomalies [24, 47].
Interestingly, the Freed-Witten anomalies can be cancelled by introducing additional D-
branes [24]. In particular, the additional D-branes will not affect the main properties of the
D-brane models, for example, the four-dimensional N = 1 supersymmetry and the chiral
spectra, etc [24]. Therefore, we can construct this kind of D-brane models by ignoring the
subtlety of the Freed-Witten anomalies.
V. TYPE IIB FLUX MODELS
Choosing eβ¯ = −12κ where κ = 1, 2, 3, ..., we construct a series of realistic Pati-Salam
models with gauge symmetry U(4)C × U(2)L × U(2)R × USp(10) × USp(6(κ − 1))3. We
present their D-brane configurations and intersection numbers in Table VIII, and the result-
ing spectra in Tables IX and X. Table IX is the spectra for κ = 1 while Table X is the
additional spectra due to κ > 1.
The anomalies from three global U(1)s of U(4)C , U(2)L and U(2)R are cancelled by the
Green-Schwarz mechanism, and the gauge fields of these U(1)s obtain masses via the linear
B∧F couplings. So, the effective gauge symmetry is SU(4)C×SU(2)L×SU(2)R. In order to
break the gauge symmetry, on the first two-torus, we split the a stack of D-branes into a1 and
a2 stacks with 3 and 1 D-branes, respectively, and split the c stack of D-branes into c1 and
c2 stacks with 1 D-brane for each one. Then, the gauge symmetry is further broken down to
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SU(3)C×SU(2)L×U(1)I3R×U(1)B−L. We can break the U(1)I3R×U(1)B−L gauge symmetry
down to the U(1)Y gauge symmetry by giving VEVs to the vector-like particles with quantum
numbers (1, 1, 1/2,−1) and (1, 1,−1/2, 1) under SU(3)C × SU(2)L × U(1)I3R × U(1)B−L
from a2c
′
1 D-brane intersections. Similar to the discussions in Ref. [17, 18], we can explain
the SM fermion masses and mixings via the Higgs fields H iu, H
′
u, H
i
d and H
′
d because all the
SM fermions and Higgs fields arise from the intersections on the first two-torus.
First, let us consider κ = 1 case. Similar to the discussions in Ref. [34], we can decouple
the chiral exotic particles in Table IX as following. We assume that the T iR and S
i
R obtain
VEVs at about the string scale, and their VEVs satisfy the D-flatness of U(1)R. The chiral
exotic particles can obtain masses via the following superpotential
W ⊃ 1
MSt
SiRS
j
RT
k
RT
l
R + T
i
RX
jXk , (80)
whereMSt is the string scale, and we neglect the order 1 (O(1)) coefficients. In addition, the
vector-like particles SiL and S
i
L in the anti-symmetric representation of SU(2)L can obtain
VEVs close to the string scale while keeping the D-flatness of U(1)L. Thus, we can decouple
all the Higgs bidoublets close to the string scale except one pair of the linear combinations of
the Higgs doublets for the electroweak symmetry breaking at the low energy by fine-tuning
the following superpotential
W ⊃ Φi(SjLΦ′ + SjRΦ′) + Φi(T jRΦ′ + SjLΦ′)
+
1
MSt
(
S
i
LS
j
RΦkΦl + S
i
LT
j
RΦkΦl
+S
i
LT
j
RΦ
′Φ′ + SiLS
j
RΦ
′
Φ
′
)
. (81)
In short, below the string scale for κ = 1, we have the supersymmetric SMs which may have
zero, one, or a few SM singlets from SiL, S
i
L, and/or S
i
R. And then the low bound on the
lightest CP-even Higgs boson mass in the minimal supersymmetric SM can be relaxed if we
have the SM singlet(s) at low energy [50].
Second, we consider the case with κ > 1, and decouple the additional chiral exotic
superfields in Table X. We assume that the e and f stacks of the D-branes are on the top of
each other on the first two-torus. Then we have the vector-like particles X ief and X
i
ef whose
quantum numbers are ((6(κ− 1))e, (6(κ− 1))f) under the USp(6(κ− 1))e×USp(6(κ− 1))f
gauge symmetry where i = 1, 2. Also, we assume that X ief and X
i
ef obtain VEVs. Then, we
have the following superpotential
W ⊃ (X ief +Xief )XaeXaf + SiLXjbdXjbd + SiLXbeXbe + SiRXcfXcf . (82)
Thus, we can decouple the extra chiral exotic particles due to κ > 1 as well. In short,
below the string scale, we also have the supersymmetric SMs with or without additional SM
singlets.
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stk N (n1, l1)(n2, l2)(n3, l3) A S b b
′ c c′ d e f O3
a 4 ( 1, 0) ( 1,-1) ( 1, 1) 0 0 3 0(3) -3 0(3) 0(1) -1 1 0(1)
b 2 ( 1,-3) ( 1, 1) ( 1, 0) 0 0 - - 0(6)0(1) -3 1 0(1)0(3)
c 2 ( 1, 3) ( 1, 1) ( 0,-1) 6 -6 - - - - 0(3)0(1) -1 3
d 3(κ− 1) ( 1, 0) ( 0,-2) ( 0, 1) 0 0 - - - - - 0(2)0(1)0(2)
e 3(κ− 1) ( 0,-1) ( 2, 0) ( 0, 1) 0 0 - - - - - - 0(2)0(1)
f 3(κ− 1) ( 0,-1) ( 0, 2) ( 1, 0) 0 0 - - - - - - - 0(2)
O3 5 ( 1, 0) ( 2, 0) ( 1, 0) - - 2χ3 = χ2 = 6χ1
TABLE VIII: D-brane configurations and intersection numbers for a series of the models on Type
IIBT6 orientifold. The complete gauge symmetry is U(4)C×U(2)L×U(2)R×USp(10)×USp(6(κ−
1))3, and the SM fermions and Higgs fields arise from the intersections on the first two-torus. By
the way, lia is equal to m
i
a and 2m
i
a for the rectangular and tilted two-torus, respectively.
Next, we consider the gauge coupling unification and moduli stabilization. The real parts
of the dilaton and Ka¨hler moduli in our model are [34]
Res =
√
6e−φ4
4pi
, Ret1 =
√
6e−φ4
2pi
,
Ret2 =
√
6e−φ4
12pi
, Ret3 =
√
6e−φ4
6pi
, (83)
where φ4 is the four-dimensional dilaton. From Eq. (68), we obtain that the SM gauge
couplings are unified at the string scale as follows
g−2SU(3)C = g
−2
SU(2)L
=
3
5
g−2U(1)Y =
√
6e−φ4
2pi
. (84)
Using the unified gauge coupling g2 ≃ 0.513 in supersymmetric SMs at the GUT scale, we
get
φ4 ≃ −1.61 . (85)
For moduli stabilization, we first obtain t from Eqs. (76) and (83)
Ret =
3
√
6e−φ4
4pi
, Imt = ±
√
3βh0
fg
− 27e
−2φ4
8pi2
. (86)
Thus, we have
Ims = −1
3
Imt+
β
g
,
Reu = −
√
6fe−φ4
4piβ
, Imu =
f
3β
Imt− f
g
. (87)
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Quantum Number Q4 Q2L Q2R Field
ab 3× (4, 2¯, 1, 1) 1 -1 0 FL(QL, LL)
ac 3× (4¯, 1, 2, 1) -1 0 1 FR(QR, LR)
cS 6× (1, 1, 3¯, 1, 1) 0 0 -2 T iR
cA 6× (1, 1, 1, 1, 1) 0 0 2 SiR
cO3 3× (1, 1, 2, 10) 0 0 1 X i
ac′ 3× (4, 1, 2, 1) 1 0 1
3× (4¯, 1, 2¯, 1) -1 0 -1
bc 6× (1, 2, 2, 1) 0 1 -1 Φi(Hiu, Hid)
6× (1, 2, 2, 1) 0 -1 1 Φi
bc′ 1× (1, 2, 2, 1) 0 1 1 Φ′(H ′u, H ′d)
1× (1, 2, 2, 1) 0 -1 -1 Φ′
bb′ 6× (1, 1, 1, 1) 0 2 0 Si
L
6× (1, 1, 1, 1) 0 -2 0 SiL
TABLE IX: The chiral and vector-like superfields, and their quantum numbers under the gauge
symmetry SU(4)C × SU(2)L × SU(2)R × USp(10). This is the exact spectrum for κ = 1.
In this paper, we shall choose the unified gauge coupling at the string scale as the unified
gauge coupling in the supersymmetric SM at the GUT scale, in other words, we choose
φ4 = −1.61. And then we obtain
Res = 0.975 , Ret1 = 1.95 , Ret2 = 0.325 , Ret3 = 0.650 . (88)
In the following discussions, we always have the above values for Res, Ret1, Ret2, and Ret3.
So, we will not present them again. Also, we will assume that k0, k1, k2 and k3 are positive
integers, and
k0k1 = 3 , η = ±1 , η′ = ±1 . (89)
A. Models with κ = 1
First, we consider the models with κ = 1. Although this kind of models is the same as
that in Ref. [34], we consider the generic solution to the flux consistent equations, and find
a huge number of flux models. The general solution to the flux consistent equations is
e = 2k0η , β¯ = −2k1η , f = −2k2η′ ,
β = 2k3η
′ , g =
2k1k2η
k3
, h0 = −6k0k2η
k3
, (90)
23
Representation Multiplicity U(1)aU(1)bU(1)cField
(4¯a, (6(κ − 1))e) 1 -1 0 0 Xae
(4a, (6(κ − 1))f ) 1 1 0 0 Xaf
(2¯b, (6(κ − 1))d)) 3 0 -1 0 Xibd
(2b, (6(κ − 1))e) 1 0 1 0 Xbe
(2¯c, (6(κ − 1))f ) 1 0 0 -1 Xcf
TABLE X: The chiral and vector-like superfields, and their quantum numbers under the gauge
symmetry SU(4)C × SU(2)L × SU(2)R and USp(6(κ − 1))3. This is the additional spectrum due
to κ > 1.
where k1k2 and 3k0k2 are multiples of k3.
There are three kinds of possible solutions that can satisfy eβ¯ = −12, so, let us discuss
them one by one in the following:
(1) For k0, k1, k2 and k3, we have
k0 = 3 , k1 = 1 , k2 = nN , k3 = N . (91)
So we obtain
e = 6η , β¯ = −2η , f = −2nNη′ ,
β = 2Nη′ , g = 2nη , h0 = −18nη . (92)
Choosing φ4 = −1.61, we obtain
Reu = 0.975n , Imt ≡
3∑
i=1
Imti = ±
√
27
n
− 8.56 ,
Ims = −1
3
Imt+
Nη′
nη
, Imu = −n
3
Imt+
Nη′
η
. (93)
Thus, in order to have (Imt)2 > 0, we obtain n < 4. And in the very large N limit, we
obtain that only Ims and Imu will become very large as follows
Ims ∼ N , Imu ∼ N . (94)
(2) For k0, k1, k2 and k3, we have
k0 = 1 , k1 = 3 , k2 = nN , k3 = N . (95)
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So we obtain
e = 2η , β¯ = −6η , f = −2nNη′ ,
β = 2Nη′ , g = 6nη , h0 = −6nη . (96)
With φ4 = −1.61, we find (Imt)2 < 0. So, this solution is not a correct solution.
(3) For k0, k1, k2 and k3, we have
k0 = 1 , k1 = 3 , k2 = nN , k3 = 3N . (97)
So we obtain
e = 2η , β¯ = −6η , f = −2nNη′ ,
β = 6Nη′ , g = 2nη , h0 = −2nη . (98)
With φ4 = −1.61, we obtain n = 1 from (Imt)2 > 0. And we have
Reu = 0.325 , Imt = ±0.664 ,
Ims = ∓0.221 + 3Nη
′
η
, Imu = ∓0.0738 + Nη
′
η
. (99)
In the very large N limit, we obtain that only Ims and Imu will become very large as follows
Ims ∼ N , Imu ∼ N . (100)
B. Infinity Flux Vacua for κ > 1
We consider the models with κ > 1. Comparing to the above models, we have additional
gauge symmetry USp(6(κ − 1))3. There are four kinds of solutions to the flux consistent
equations, and we will study them in the following:
(1) The first kind of solutions to the flux consistent equations is
e = 2k0κη , β¯ = −2k1η , f = −2k2η′ ,
β = 2k3η
′ , g =
2k1k2η
k3
, h0 = −6k0k2κη
k3
, (101)
where k1k2 and 3k0k2κ are the multiples of k3. In order to have positive (Imt)
2, we obtain
9k0k3κ
k1k2
≥ 8.56 . (102)
Thus, there exists a huge number of solutions to the flux consistent equations.
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Let us consider a special case with finite ki while very large κ, i.e., only κ can be very
large. In the very large κ limit, we obtain that only Ims, Imt, and Imu will become very
large as follows
Ims ∼ √κ , Imt ∼ √κ , Imu ∼ √κ . (103)
In this case, let us present a concrete example. We choose
e = 6κη , β¯ = −2η , f = −2η′ ,
β = 2η′ , g = 2η , h0 = −18κη . (104)
With φ4 = −1.61, we have
Reu = 0.975 , Imt = ±√27κ− 8.56 ,
Ims = Imu = −1
3
Imt +
η′
η
. (105)
(2) The second kind of solutions to the flux consistent equations is
e = 2k0η , β¯ = −2k1κη , f = −2k2η′ ,
β = 2k3η
′ , g =
2k1k2κη
k3
, h0 = −6k0k2η
k3
, (106)
where k1k2κ and 3k0k2 are the multiples of k3. In order to have positive (Imt)
2, we obtain
9k0k3
k1k2κ
≥ 8.56 . (107)
And then, we obtain
k3 = k1k2κ , for k0 = 1 , (108)
k3 = k1k2κ/n , for k0 = 3 , (109)
where n = 1, 2, 3. Thus, there also exists a huge number of solutions to the flux consistent
equations.
However, for very large κ and finite ki, we obtain that (Imt)
2 is negative, and then we
do not have such kind of solutions.
(3) The third kind of solutions to the flux consistent equations is
e = 2k0Nη , β¯ = −2k1Nη , f = −2k2Nη′ ,
β = 2k3Nη
′ , g =
2k1k2Nη
k3
, h0 = −6k0k2Nη
k3
, (110)
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where N is a positive integer, and k1k2N and 3k0k2N are the multiples of k3. Also, we have
κ = N2 . (111)
In order to have positive (Imt)2, we obtain
9k0k3
k1k2
≥ 8.56 . (112)
Thus, there still exists a huge number of solutions to the flux consistent equations. In fact,
we just rescale all the fluxes by N . Note that the flux ratios are independent on N , we
obtain that Reu, Ims, Imt and Imu are constants since they only depend on the flux ratios.
In this case, all the phenomenological discussions are similar to those in Ref. [34] except
that we have additional USp(6κ − 6)3 gauge symmetry and the corresponding extra chiral
exotic particles in Table X.
Let us give a concrete example for finite ki and very large N . We choose
e = 6Nη , β¯ = −2Nη , f = −2Nη′ ,
β = 2Nη′ , g = 2Nη , h0 = −18Nη . (113)
With φ4 = −1.61, we have
Reu = 0.975 , Imt = ±4.30 , Ims = Imu = ∓1.43 + 1 . (114)
This is similar to the example in Ref. [34].
(4) The fourth kind of solutions to the flux consistent equations is
e = 2k0Nη , β¯ = −2k1Nη , f = −2k2η′ ,
β = 2k3Nη
′ , g =
2k1k2η
k3
, h0 = −6k0k2η
k3
, (115)
where k1k2 and 3k0k2 are the multiples of k3. Also, we have κ = N
2. In order to have
positive (Imt)2, we obtain
9k0k3N
k1k2
≥ 8.56 . (116)
So, we also have a huge number of solutions to the flux consistent equations.
If N is very large while ki is finite, we obtain that Reu, Ims, Imt, and Imu will depend
on N as follows
Reu ∼ 1
N
∼ 1√
κ
, Ims ∼ N ∼ √κ , Imt ∼
√
N ∼ κ1/4 , Imu ∼ 1√
N
∼ 1
κ1/4
. (117)
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Thus, in the very large N limit, Reu and Imu will be very small while Ims and Imt will be
very large. Let us present a concrete example for this case. We choose
e = 6Nη , β¯ = −2Nη , f = −2η′ ,
β = 2Nη′ , g = 2η , h0 = −18η . (118)
With φ4 = −1.61, we have
Reu =
0.975
N
, Imt = ±√27N − 8.56 ,
Ims = −1
3
Imt+
Nη′
η
, Imu = − 1
3N
Imt+
η′
η
. (119)
VI. DISCUSSION AND CONCLUSIONS
In this paper, we studied the detail flux parameter spaces for semi-realistic supersymmet-
ric Pati-Salam models in the AdS vacua on Type IIA orientifold and realistic supersymmetric
Pati-Salam models in the Minkowski vacua on Type IIB orientifold with general flux com-
pactifications. We have shown that there indeed exists a huge number of semi-realistic Type
IIA and realistic Type IIB flux models. So, we do have the string landscape for the flux
models. However, these semi-realistic Tyep IIA and realistic Type IIB flux models can not
be populated in the string landscape.
For the supersymmetric intersecting D6-brane model building in the AdS vacua on Type
IIA orientifold with flux compactifications, if we keep (e0a−eh0) as a constant while allowing
e and/or e0 to be very large, the very large fluxes do not affect the main properties of the
models, and only (3aIms+
∑3
i=1 biImui) will be proportional to e and then very large. Also,
if (e0a − eh0) is very large, we showed that the theory is very weakly coupled, and the
magnitude of the cosmological constant becomes very small. And if only e0 is very large,
(3aIms +
∑3
i=1 biImui) will be a constant as well since it does not depend on e0. Moreover,
we considered two kinds of semi-realistic Pati-Salam models with very large fluxes a, h0,
m, and/or q. In the first kind of models, we keep (h0m + 3qa) as a negative constant. So
we do not change the RR tadpole cancellation conditions, the gauge symmetries, and the
particle spectra of the models due to the very large fluxes. In the very large flux limit, the
theory becomes very weakly coupled, and the magnitude of the cosmological constant will
become very small as well. In the second kind of Pati-Salam models, we took not only a
and h0 to be very large, but also (h0m+ 3qa) to be negative and very large. In particular,
we took the complex structure moduli to be very large so that only one of the RR tadpole
cancellation conditions is very large and proportional to a or h0. We showed that the gauge
symmetry can be broken down to the SM gauge symmetry, and the exotic particles might
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be decoupled. The gauge couplings for SU(2)L and SU(2)R are half of these for SU(3)C and
U(1)B−L. In the very large flux limit, the gauge coulings approach to the fixed constants.
However, the magnitude of the cosmological constant will be very large, which can become
very small again if we introduce very large fluxes e and/or e0.
For the supersymmetric D-brane model building in the Minkowski vacua on Type IIB
orientifold with general flux compactifications, we constructed a series of realistic Pati-Salam
models with gauge group U(4)C×U(2)L×U(2)R×USp(10)×USp(6(κ−1))3. Interestingly,
in the very large flux limit, we can choose the unified gauge coupling at the string scale
as the unified gauge coupling in the supersymmetric SMs at the GUT scale because the
real parts of the dilaton and Ka¨hler moduli can be independent of the very large fluxes.
For the first kind of models with κ = 1, the very large fluxes do not contribute to the RR
tadpole cancellation conditions, and we found two kinds of solutions to the flux consistent
equations. In the very large flux limit, the real part of the complex structure moduli and the
sum of the imaginary parts of the Ka¨hler moduli are constants and independent of the very
large fluxes. Only the imaginary parts of the dilaton and complex structure moduli become
very large and proportional to the very large fluxes. For the second kind of models with
κ > 1, we obtained four kinds of solutions to the flux consistent equations, and showed that
there indeed exists a huge number of the realistic flux models. In the very large κ limit, we
consider the asymptotic behaviour for Reu, Ims, Imt, and Imu, and present some concrete
examples.
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